The aim of this article is to examine the presence of volatility transmission between futures index and underlying stock index by using intraday data in Turkey. We first examined the sudden changes in the variance of futures index return and the underlying spot index return. Then we employed the causality in the variance tests proposed by Hong (2001) and Hafner and Herwartz (2006) . According to the empirical results, the spot market was found to be Granger cause of futures market and this result suggests that the spot market plays a more dominant role in the price discovery process in Turkey.
Introduction
Deep and strong financial markets are crucial because of the need for market-based and diversified channels of intermediation between borrowers and investors. Therefore, many emerging countries have introduced futures contracts in order to deepen and stabilize their financial markets, and accordingly futures contracts have become one of the fastest growing  Marmara University, School of Banking & Insurance, 34722 Kadikoy, Istanbul, Turkey, Tel/fax: +90 216 347 5086, E-mail: mustafaokur@marmara.edu.tr 2 financial products over the last 20 years in the world. According to the Bank for International Settlements (BIS) statistics, the trading value of futures products rose by 894% from $1.540 billion at the end of 1990 to $1.380 trillion at the end of 2010 and the total number of the contracts exceeded $6.346 million at the end of 2010 in the world. Although, the global financial crisis that started in the US hit the developed and developing economies and led to a decrease in the global financial markets, the trading value of future contracts increased by 10% between the periods of 2007 and 2010.
As one of the fastest-growing financial products in the world, futures markets have received attention of the investors and academicians and, for that reason, the benefits of futures markets have been widely argued in the finance literature. For instance, Min and Najand (1999) indicated that the price discovery ability between futures and spot market can provide great benefits for investors because this argument suggests that the information is transmitted from informed traders to uninformed traders. Second, the empirical literature that is especially based on developed economies implies that futures market helps to improve market depth and efficiency and, therefore, decreases volatility in the spot market. At this point, the policymakers, regulators and investors in these economies are concerned about the impact of futures trading on the underlying spot market (Avramov et al., 2006) . Especially, volatility transmission between futures and spot markets become a widely discussed topic in finance literature.
Regulators, investors and academicians can be interested in the causal link in the variance between futures price and the underlying spot price, because volatility spillovers effects between futures and spot market can be used to explain volatility transmitting and to decide hedging and budget planning by the investors in the market. Therefore, volatility transmission has been widely examined in the finance literature and there is a substantial body of studies that especially focuses on the developed countries. These studies mainly claim that 3 an increase or decrease in the volatility of futures market affects the volatility of the underlying spot market (Arshanapalli and Doukas 1994; Chan et al. 1991; Chan and Chung 1995; Abhyankar 1995; Iihara et al. 1996; Grunbichler et al. 1994; Koutmos and Tucker 1996; Zhong et al. 2004; Kavussanos et al. 2008) . On the contrary, Shyy et al. (1996) detected a causal relationship running from the spot price to the future price in France. They indicated that market is with asynchronous trading, and differences in trading mechanisms used in cash or futures markets can help to find the reverse relation. Similarly, Booth and So (2003) examined the volatility spillovers among futures price, options price and underlying spot price in Germany by using intraday data. They evidenced that the futures, options and spot markets are integrated in Germany. They also found out the presence of information spillover running from the spot market to the futures markets. Liu et al. (2008) investigated the information transmission between the Chinese copper futures and the underlying spot market. Their result showed that there are significant two-ways spillovers between the markets. However, they concluded that the spillover from the futures market to the spot market is stronger. Bohl et al. (2009) investigated the direction of information flows between the futures price and the underlying spot price in Poland by using daily data. Their empirical results suggested that the introduction of index futures trading does not destabilize the spot market. Yang et al. (2011) investigated intraday price discovery and volatility transmission between the stock index and the stock index futures markets in China by using asymmetric GARCH model. They showed that, even if the stock index started to decline after the stock index futures were introduced, the cash market was found to play a more dominant role in the price discovery process.
Turkish Derivatives Exchange (TURKDEX) is a new established futures market and hence there is a limited number of studies analyzing the relationship between the futures and the spot market in Turkey. For instance, Baklaci and Tutek (2006) examined the impact of the futures price on the underlying spot price. Therefore, they separated their sample set 4 according to the pre-and post-futures trading periods and concluded that the degree of volatility persistence in the spot market significantly decreased after the post-futures periods. Cevik and Pekkaya (2007) employed causality in mean and variance tests of Cheung and Ng (1996) to determine the causal pattern between the futures and the spot market. Their empirical results showed that there is a causal link running from the spot price to the futures price. Kasman and Kasman (2008) analyzed the impact of the introduction of the stock index futures on the volatility of the underlying spot market by means of asymmetric GARCH model. Hence, they constructed a dummy variable with respect to the pre-and post-futures trading periods and concluded that starting of the futures trading significantly decreases volatility in the stock market. Furthermore, they examined the causal relation between the level of futures and spot price series and found a causal link running from the spot price to futures price by using the error-correction model.
The aim of this paper is to examine volatility transmission between the futures price and the underlying spot price in Turkey. Therefore, we employed causality in the variance test of Hong (2001) and Hafner and Herwartz (2006) . We also investigated the existence of sudden changes in the variance of both series. Our empirical results showed that the structural breaks in the variance of the return series lead overestimated GARCH parameters. Although causality in variance test results indicated mixed results for the causal relation between futures and the underlying spot price, the spot market was found to play a more dominant role in the price discovery process in Turkey.
The paper contributes to this literature in several aspects. First of all, to our knowledge, no-one has yet examined the relation between the futures price and the underlying spot price by using intraday data in Turkey. However, Silvapulle and Moosa (1999) indicated that intraday financial data is important to determine the financial market dynamics and market microstructure. Secondly, although a large number of studies have employed the Granger 5 causality test to investigate the causal link between the futures price and the underlying spot price, the test procedure is very sensitive to the choice of lag length. Moreover, the Granger causality test relies on distributional assumptions (e.g. normality, homocedasticity, etc.) and it is well known that most of the stock return series exhibit non-normality and ARCH effect.
Therefore, in this study a new causality in variance test which does not rely on distributional assumptions was employed. Also, causality in variance test is important for financial return series because it indicates a general pattern to volatility transmission. In this context, indicated that this information would enhance volatility forecasting in foreign markets by academics and practitioners. Thirdly, different from the other studies that focused on the futures market in Turkey, we examined the existence of sudden changes in the variance of the futures return and the spot return. This is very important to determine the causal link between financial markets because the effects of the structural break on the GARCH model have been widely examined, and these studies have showed that the GARCH model tends to overestimate the persistence of volatility in the series when there are structural breaks in the variance of the series.
The remainder of this article is organized as follows. In the following section, we briefly present the theoretical background of the research and especially focus on the approach of causality in variance test. Our empirical findings are presented in Section 3. Finally, Section 4 briefly discusses the empirical findings of the research and gives the conclusion.
Methodology of the Research
Causality relation between financial markets has been widely examined in the literature where a large number of studies generally use traditional Granger causality test. However, Mantalos and Shukur (2010) determined that the Wald test based on VAR model over-rejects the null hypothesis of noncausality when there are volatility spillover effects and the overrejection is more severe in larger samples when Monte Carlo simulations are used.
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Furthermore, the traditional Granger causality test focuses only on changes in the mean of two variables and causality in variance is as important as causality in mean for the financial variables because it implies a general pattern to volatility transmission between financial markets. Moreover, Cheung and Ng (1996) indicated that changes in variance are said to reflect the arrival of information and the extent to which the market evaluates and assimilates the new information. In addition, the causation pattern in variance provides an insight concerning the characteristics and dynamics of economic and financial prices, and such information can be used to construct better econometric models describing the temporal dynamics of the time series. In this context, we focused on and examined the presence of volatility spillover (or in other words, causality in variance) between spot and futures return series in this study.
The two approaches have been widely used in the literature for testing causality in variance. One of them is a two step methodology of Cheung and Ng (1996) that is based on the cross correlation function (CCF) of squared residuals obtained from univariate GARCH model. The other approach depends on a dynamic specification of multivariate GARCH (MGARCH) model and causality in variance can be represented in terms of specific parameter restrictions. On the other hand, Hafner and Herwartz (2006) indicated that likelihood based tests within multivariate dynamic models typically suffer from a curse of dimensionality. In addition, the multivariate GARCH models that require large number of imposition of parameter constraints to ensure covariance stationary in the estimation procedure are widely criticized in the literature. Furthermore, Caporale et al. (2006), Pardo and Torro (2007) , and Qadan and Yagil (2012) empirically showed that the two step methodology of Cheung and Ng (1996) and Hong (2001) still have a powerful fit when the data is large and leptokurtic and also residuals are non-correlated. Therefore, we employed causality in variance test based on the estimation of univariate GARCH models.
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Causality in variance between two variables can be described as follows: The most common approach in the literature is S statistic of Cheung and Ng (1996) to examine causality in variance. On the other hand, the criticism of the S test statistic is that it may not be fully efficient when a large M is used because it gives equal weighting to each of the M sample cross-correlations. However, the empirical studies exhibit that the crosscorrelation between financial assets decays to zero when lag order l is increased. In this context, Hong (2001) statistic is defined as:  are standardized residuals derived from GARCH model. In Equation (2), ( / ) k l M is a weight function, for which we use the Barlett kernel
where 
3-Choose an integer M and compute C 1T (k) and D 1T (k).
Then compute the test statistic Q 1 by using Equation (2) and compare it to the uppertailed critical value of normal distribution at an appropriate level. If Q 1 is larger than the critical value, there is no causality and accordingly the null hypothesis is rejected.
Hafner and Herwartz (2006) 
where it  is standardized residuals,  
Hafner and Herwartz (2006) examined the presence of structural breaks in the unconditional variance of both returns series before testing causality in variance. Inclan and Tiao (1994) proposed a test procedure that is based on ICSS (Iterative Cumulative Sum of Squares) to detect structural breaks in the unconditional variance of a stochastic process. In order to test the null hypothesis of constant unconditional variance against the alternative hypothesis of a break in the unconditional variance, Inclan and Tiao (1994) proposed using the statistic given by: The most serious drawback of the IT test statistic is that it is designed for independently and identically distributed random variables. However, Andreuo and Ghysels In the test procedure, if we were looking for only the possibility of a single point change, then the G k function would provide a satisfactory procedure. But when we are interested in finding multiple change points on an observed series, the usefulness of the G k function becomes questionable because of the masking effect. A solution is an iterative scheme based on successive application of G k to pieces of the series, dividing consecutively after a possible change point is found (see Inclan and Tiao (1994) for ICSS procedure details).
Data and Empirical Results

Turkish Derivative Exchange Market
The 
Data
The May 31, 2010. The logarithmic stock and futures return series were calculated by using the r t = ln (P t /P t-1 ) formula.
Empirical Results
The expressions in the previous sections indicate that Turkish derivatives exchange market is new established market and hence there are limited numbers of studies that examine relationship between futures price and underlying stock price in Turkey. However, understanding of price discovery process between futures price and underlying stock prices is very important for investors and hedgers and it would provide several benefits to construct optimal portfolio. Therefore, in this study we focus on Turkish derivatives exchange market to fill the gap in the literature.
The descriptive statistics are presented in Table 1 . As shown in Table 1 , while the mean of both return series is quite small, the mean return is higher for the futures market than for the spot market. Additionally, the futures return series exhibit evidence of a higher volatility 14 We started our empirical analysis first by testing the presence of sudden changes in the variance of spot and futures return by means of modified IT statistic. Figure 1 illustrates the return for each series with the points of the sudden change and ± 6 standard deviations. In addition to this, Table 2 indicates the time periods of sudden changes in volatility, as identified by the ICSS algorithm. The spot return shows sixteen sudden change points, making for seventeen distant volatility regimes, whereas the futures return evidences forty sudden change points, corresponding to forty-one distinct volatility regimes. In order to eliminate the effects of the structural breaks, we constructed dummy variables regarding to the time periods of sudden changes as in Lamoureux and Lastrapes (1990) , Aggarwal et al. (1999) , Arago-Manzana and Fernandez-Izquierdo (2007) , Wang and Thi (2007) , and Ewing and Malik (2010) . Next, we estimated univariate GARCH model of Bollerslev (1986) with and without dummy variables for spot and futures return series and GARCH(1,1) model was found to be sufficient for an adequate model volatility for both return series. 3, 4 According to the results in Table 3 , when the structural breaks in the variance of series are ignored, the sum of the alpha and beta parameters is found to be 0.777 for the spot return and 0.985 for the futures return series. On the other hand, the inclusion of dummy variables significantly reduces the sum of the parameters for both return series (0.633 for spot return and 0.799 for futures return). Especially, we spotted an overly dramatic decrease in the beta parameter for futures return (from 0.617 to 0.255). These findings are consistent with IT test statistic results because the number of the sudden changes was found to be higher for futures return than for spot return. Hence, it can be expected that the decrease in the persistence of the volatility is greater for the futures return than for the spot return. Log likelihood values in Table 3 indicate that GARCH model with dummy variables gives a better fit for both return series. In addition to this, we employed a likelihood ratio ( We also employed the LM test statistic of Hafner and Herwartz (2006) to determine whether Hong"s test results are robust and the test results are given in Table 5 . As in Hong"s test, we computed two different test statistics by considering and by ignoring the effects of structural breaks. The test results in Table 5 strongly indicate the existence of causality relation going from spot return to futures return series. Differently from Hong"s test results, the causal link running from the futures market to spot market cannot be determined at the conventionally significant levels (the null hypothesis can only be rejected at the 18% significance level). On the other hand, the test statistics significantly increases (and p-value decreases) for this causality relation when structural breaks are considered and this is consistent with Hong"s test results. Therefore, it can be said that both of the causality in variance tests suffered from size distortions in the case of structural breaks in variance of the series.
Figure 1 Intraday Returns Series for ISE30 Spot and Futures
Finally, as in Cheung and Ng (1996) we re-estimated GARCH model in which squared return series for futures and spot price take place in the variance estimation to determine the size of volatility transmission between the futures market and the underlying spot market. Therefore, we considered the lags of squared return series in the variance equation and determined the optimal model according to the model selection criteria (Akaike and Schwarz) and Log likelihood value. Augmented GARCH model results are presented in Table 6 . As seen in Table 6 , squared futures return was not found to be statistically significant in the spot return model. On the other hand, squared spot return is statistically significant at the 1% level and these results are consistent with the LM test statistic of Hafner and Herwartz. Consequently, we determined that the spot market plays a more dominant role in the price discovery process in Turkey and these findings are consistent with Shyy et al. (1996) , Booth and So (2003) , Liu et al. (2008) , Bohl et al. (2009) and Yang et al. (2011) . 
Conclusion
In this study, we examined the presence of volatility transmission between the futures return and the underlying spot return series in the Turkish market. First, we investigated whether there are structural breaks in the variance of both returns series because a vast literature that focused on the effects of structural breaks on the GARCH parameters showed that structural break in the variance caused to overestimate the volatility persistence. Our empirical results are in line with the findings of the previous studies in the related literature.
(Booth and So (2003); Shyy and Vijayraghavan (1996); Yang, Yang and Zhou (2012 ) ) The empirical findings indicate that the sum of alpha and beta parameters for both return series declines significantly when we consider the effects of structural breaks. Causality in variance test results strongly indicated the causal link running from the spot market to futures market.
Furthermore, the augmented GARCH model result verifies these findings.
Regardless of the large literature that has discussed the information transmission mechanism between the futures and spot market, little consensus has emerged. Furthermore, hardly any study has been conducted so far to investigate intraday spillover effects between stock index futures and spot market with respect to the Turkish financial markets. At this point it should also be emphasized that the intraday data set used in this study is essential as it it leads us to capture the market dynamics more accurately. This article will help investors and especially the institutional investors to prudently make up their investment strategies in Turkish financial markets, by hedging their risks more efficiently. Furthermore, as the Turkish equity market has been one of the best performing emerging markets in recent years, the findings of this study could also be a good benchmark point for the institutional investors in other emerging markets. The article will also provide foreign institutional investors with a better understanding of the Turkish Market which will generate new ways for researchers to a 20 more comprehensive investigation of the Turkish market and will encourage the researchers for further studies.
